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Title Of Invention 



Method and Apparatus for Handling Diverse Body Fluids 

Prior Application 

[0001] This Patent Application is a Continuation-in-Part of Patent Ap- 
plication Serial No. 09/515,000 filed February 29. 2000. 

Q 

»S Field Of The Invention 

□ 

[0002] This invention relates to an apparatus and method for standard- 
jfj izing the handling of diverse body fluids so that these can be automatically trans- 

ported to a slide assembly for manual counting, identification, and manipulation 

Si 

of microscopic elements in liquid suspensions and fluids with a microscope posi- 
tioned to view the liquid suspension in the slide assembly. Specifically, this in- 
vention relates to an apparatus and method for controllably drawing a sample se- 
lected from a specimen container, such as a test tube, into an optical slide as- 
sembly and for controllably purging the sample therefrom upon completing ex- 
amination. Particularly, this invention relates to an apparatus and method for 
controllably rinsing an interior and exterior of an aspirator probe after a suspen- 
sion specimen sample has been withdrawn from a test tube with the probe to 
provide a clean probe for subsequent use in withdrawing another fluid sample. 
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Background Of The Invention 



[0003] Assemblies for analysis of fluids and methods for operating 
these assemblies are extensively used and practiced in clinics, laboratories and 
hospitals. Typically, these assemblies are required to be sufficiently efficient to 
process a relatively large number of analyses in a relatively short time and in a 
safe manner which minimizes the risk of direct contact between a user and 
specimens to be examined. For instance, urine sediment examination may in- 
volve pouring a sample into a tube which is then spun in a centrifuge to separate 
the sediment from its suspending fluid. After centrifugation, the cleared suspend- 
ing fluid is poured out and the sediment is resuspended in the remaining fluid. A 
sample of the resuspended sample is transferred to a microscope slide for further 
examination. 

[0004] A simple and effective system for conducting a urinalysis is dis- 
closed in U.S. Patent Nos. 5,248,480 and 5,393,494 to Greenfield et al. which 
describe an apparatus and method for drawing a fluid sample into a slide assem- 
bly for viewing through a microscope. The fluid is drawn from a container by way 
of a reversible pump. A urine sample is drawn in from the container through a 
glass slide and after viewing purged from the slide by reversing the pump so that 
it can be flushed back through the slide to the fluid sample container. 

[0005] U.S. Patent No. 3,352,280 describes an automatic stain appara- 
tus for staining biological specimen. A testing apparatus is described in U.S. Pat. 
No. 4,025,393. An apparatus wherein a slide is moved to a staining station and 
then to a buffer station and thence to a rinsing station is described in U.S. Patent 
No. 4,034,700. 
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[0006] Some of the known apparatuses for the handling of samples ei- 
ther are too complex or involve physical exposure to the biological specimen be- 
ing reviewed or are not readily suitable for a safe handling by the operator who 
evaluates the particular specimen in the slide. 

[0007] Typically, many of the known devices and methods while being 
relatively well suited for conducting an examination of a particular type of fluid, 
may pose some problems if utilized for testing different types of fluids. One of 
the problems relates to maintaining desirable sanitary conditions of an aspirator 
probe. Indeed, using the devices designed for examining only one particular 
fluid, as a rule, a single aspirator probe may be used in conjunction with the 
same type of fluid. Clearly, such repetitive nature of the examination process re- 
quires a washing step with a certain amount of rinsing medium pumped into an 
interior of the aspirator probe, as disclosed in these patents. However, an un- 
washed exterior of the probe may, eventually, affect the quality of a urinalysis 
upon dipping the probe into a subsequent test tube. 

[0008] This problem becomes even more severe when at least some of 
the known devices are employed to perform tests on different types of fluids, 
such as blood, cerebral spinal fluid, pericardial and the like. It is imperative that 
an exterior of the aspirator probe be disinfected. Yet, typically, such devices do 
not have a mechanism for cleaning the probe's outside. 

[0009] Another problem arising from some of the known devices is that 
the interior of an aspirator probe and the interior of the slide assembly have to be 
rinsed by different concentrated rinsing media to effectively clean the interior af- 
ter conducting tests on the same fluids or fluids of different viscosity. As a result, 
washing periods may vary since cleaning of the interior of the slide assembly 
would take a relatively long time after it has been filled with a relatively highly vis- 
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cous fluid in comparison with a low viscosity fluid. Thus, using the same rinsing 
liquid for the same period of time to clean an aspiration probe that has been used 
for a urinalysis and a blood test may have different effects, since a highly-viscous 
fluid, such as blood, is more difficult to wash away than a low viscous urine. 
Once again, since the devices and methods, as discussed here, predominantly 
work with the same fluid, they do not selectively wash the interior of the probe 
traversed by a variety of fluids. 

[0010] Still another problem that the devices and techniques predomi- 
nantly used for testing a particular fluid may have when they are used to conduct 
tests on different fluids may be that durations of filling an optical slide assembly 
with differently viscous fluids vary. As mentioned above, an optical slide assem- 
bly used in these devices allows the specimen to be made optically visible to a 
device such as a microscope, camera, photo-detector, and a combination thereof 
or other type of optical gathering input device. The image and spectral informa- 
tion obtained via the input device is processed to classify and to enhance the im- 
age and image data and to perform recognition and analysis of the drawn speci- 
men. 

[0011] In order to achieve a reasonably consistent basis for analysis, 
preferably the same volume of fluid should be delivered to the optical slide as- 
sembly. This is achieved in some of the known devices by a substantially uni- 
form pump's mode of operation including, for instance, duration of a pumping 
phase and/or a rate of pumping. However, this mode may be inadequate if fluids 
had viscosity higher or lower than the fluid for which a device was designed. For 
example, a highly viscous fluid, such as blood, requires that the pump work either 
for a relatively long period of time or at a relatively high rate to enable an amount 
of blood sufficient for its evaluation to be accumulated in the slide assembly. Yet, 
at least some of the known devices do not provide an automatic setting of the 
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pump allowing a user to preprogram it so as to have different modes of the 
pump's operation according to differently viscous fluids. 

[0012] All of the above discussed disadvantages may be characteristic 
of a purging phase of at least some of the known devices. In order to drain the 
tested fluid from an aspirator probe and a slide assembly, a user should know the 
duration of a pump's operation so as to completely empty them. Thus, similar to 
an aspiration mode, different time periods of purging are required to displace the 
same volume of variously viscous fluids from the aspiration probe. 

[0013] Further, differently viscous fluids may require different solutions 
capable of thoroughly washing an interior of a slide assembly to. The more vis- 
cous a fluid is the more highly concentrated flush solution may be used to over- 
come adhesion of such fluid to the interior of the slide assembly. 

[0014] What is desired, therefore, is an apparatus and method for con- 
trollably transporting a wide variety of specimens into and out of the optical slide 
assembly. An apparatus and method for automatically controlling a mode of op- 
eration of a fluid delivering mechanism so as to supply a predetermined amount 
of each type of specimen selected from a variety of fluids to the optical slide as- 
sembly is also desirable. Also, an apparatus and method for automatically rins- 
ing an exterior of an aspiration probe is desirable, as is an apparatus and method 
for controllably rinsing an interior of the aspiration probe and an optical slide 
assembly. 

Summary Of The Invention 

[0015] With an apparatus in accordance with the invention, a user can 
perform determination of specimen morphology of a wide range of fluids in an 
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efficient, hygienic, inexpensive and consistent manner by using a computerized 
menu including a plurality of pre-programmed set-ups for different fluids. 

[0016] This is achieved with one apparatus in accordance with the in- 
vention by utilizing a fluid controller for displacing a nominal volume of differently 
viscous fluids into and out of an optical slide assembly for viewing by an optical 
gathering device. More particularly, this controller enables a pump to draw a 
controlled amount of fluid or liquid suspension through an aspirator probe into the 
optical slide assembly and subsequently to flush it away in a controlled timely 
manner in effect based on a particular viscosity of the tested fluid sample. Thus, 
a variety of different body fluids can be rapidly and efficiently analyzed. 

[0017] The device according to the invention includes a front panel with 
a menu screen with which a user can select the fluid to be handled and exam- 
ined inside the slide assembly. In response to the user's selection, the transpor- 
tation of a sample of a liquid suspension from inside a test tube will be done 
based upon a previously determined pumping profile that may include required 
volume displacement and pumping speed, and which have been empirically de- 
termined and stored in a database. This pumping profile is sufficient to allow a 
nominal volume of the selected fluid to be aspired into and then purged out of an 
optical slide assembly. 

[0018] Specimen containers as shown in the aforementioned '480 and 
'494 U.S. Patents, which may be test tubes or the like, are removably mounted at 
a test station of the apparatus where an aspirator probe can be inserted into one 
of the tubes containing a selected fluid sample to be tested. The container, thus, 
may contain a liquid suspension, having a specific viscosity. After turning the 
controller on a user selects the type of liquid suspension to moved from the test 
tube and this causes the controller to operate the pump by displacing the liquid 
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from the test tube into the slide assembly while running for a period of time de- 
termined by a schedule as stored in a data base inside the controller for the par- 
ticular type of liquid in the test tube. 

[0019] Typically for anyone set up, including the aspirator probe and 
connected tubing, the amount of displaced liquid is the same for different types of 
liquids. As a consequence, the duration of the pump's operation or the pump's 
rate can be made specific for each particular liquid and this typically depends on 
its viscosity as represented by the applicable data stored in the database. Upon 
completion of the examination, the controller reverses a direction of rotation of 
the pump for a pre-programmed period of time sufficient to completely purge the 
tested fluid sample out from the slide assembly and the probe in accordance with 
a purging phase applicable to the selected liquid. 

[0020] When a particular volume of a liquid suspension is to be dis- 
placed from a test tube the previously determined and stored pumping profile for 
the liquid provides all necessary information, such as the time that the pump 
needs to be activated to secure the desired function, such as a loading of or a 
purging of the sample from the slide assembly. 

[0021] The controller may include a microprocessor querying a data- 
base that contains the pumping profiles and relevant program steps used to con- 
trol various digital and analog electronic elements used to operate the pump and 
associated valves. A variety of valve arrangements is used and automatically set 
to implement a working cycle of the apparatus whereby a fluid sample is aspi- 
rated from a test tube into the slide assembly, purged from it and enables subse- 
quent rinsing of the apparatus. 
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[0022] With the pump working to deliver a fluid sample into the optical 
slide assembly and purge it back out, the controller monitors a pressure in the 
system to prevent it from going where it can damage the valves and other com- 
ponents used in the apparatus. As a consequence, displacement of the fluid is 
monitored by a controller which stops the pump if a high pressure has been de- 
tected. Once the pressure is normalized, the pump can be automatically or 
manually turned on in an operating mode that has been interrupted. 

[0023] The versatility and effectiveness of an apparatus in accordance 
with the invention is further enhanced by use of a rinsing operation allowing a 
user to operate with a single aspiration probe for guiding a plurality of fluid sam- 
ples toward an optical slide assembly. After the examination is completed, a 
user can flush a tested fluid sample back to a tube by reversing the rotational di- 
rection of the pump and then drive a washing fluid, which typically includes saline 
and bleach. 

[0024] Alternatively, the probe may be placed at a washing station of 
the apparatus wherein two bays are provided to sequentially receive the probe. 
Upon automatically detecting the presence of the probe in either bay, a specific 
arrangement of valves allows a washing fluid to traverse the probe thereby flush- 
ing a tested fluid sample into a waste basin that may be arranged under the 
housing. The more viscous a fluid sample is, the higher concentration of bleach 
is used to provide satisfactory cleaning of the probe. This is because highly vis- 
cous fluids tend to stick to the interior of a fluid conveying component. Once 
again, based on experimental data stored in a software, the washing fluid mixture 
and duration of the purging operation, as explained above, can be automatically 
preset as part of a particular setup for a tested fluid. 
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[0025] In order to have an exterior of the probe rinsed, each bay has a 
plurality of sprayheads for spraying a cleaning fluid upon the exterior of an aspi- 
ration probe. A number and location of the sprayheads may vary to meet clean- 
ing requirements. Upon completion of a showering stage, a pair of wipers includ- 
ing brushes, pads or the like are activated by the controller to grasp the outside 
of the probe which then is pulled through the wipers to have its exterior wiped 
clean. 



[0026] With the apparatus in accordance with the invention, problems 
encountered with other testing and cleaning devices are avoided. 

P 

iQ [0027] It Is, therefore, an object of the invention to provide an appara- 

tus and technique with which a variety of body fluids can be handled for examina- 
»C tlon inside a slide assembly In a convenient, safe and expeditious manner. 

m 
m 

H [0028] It is a further object of the Invention to provide an apparatus and 

□ technique for transporting different body fluids and cleaning conduits used In 

equipment through which samples of the body fluids are passed. 



m 
n 



[0029] It is still another object of the invention to provide an apparatus 
and technique for automatically pre-selecting a working cycle of pump operation 
including aspiration and purging modes which durations are a function of viscos- 
ity of a body fluid sample to be examined in a slide assembly. 

[0030] It is another object of the invention to provide an apparatus and 
technique for automatically selecting a rinsing cycle as a function of viscosity of a 
sample of a body liquid suspension. 



Express Mail No. EL 550 088 692 US 



10 



[0031] It is a further object of the invention to provide an apparatus and 
technique for automatically rinsing and cleaning an exterior of aspiration probe 
upon completion of examination of a fluid sample. 

[0032] It is still a further object of the invention to provide an apparatus 
for easily adjusting an aspiration probe to fit differently sized tubes containing 
fluid samples. 

[0033] It is yet a further object of the invention to provide an apparatus 
and technique for reliably protecting a user from contact with fluid samples and 
with rinsing fluid. 

Brief Description Of The Drawings 

[0034] FIG. 1 is a front perspective view of a body fluid handling appa- 
ratus in accordance with the invention. 

[0035] FIG. 2 is a flow chart illustrating a work of the apparatus of Fig- 
ure 1. 

[0036] FIG. 3Ai is a graphical representation of steps of a stepper mo- 
tor during an aspiration phase for a watery solution in accordance with the inven- 
tion. 

[0037] FIG. 3A2 is a pressure versus time graph illustrating changes in 
the system pressure during the aspiration phase of FIG. 3Ai. 

[0038] FIG. 3A3 is a graphical representation of displacing a nominal 
volume of fluid sample displaceable into an optical slide assembly during the as- 
piration phase of FIG 3Ai. 
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[0039] FIGS. 3Bi, 3B2and 3B3 are graphical representations identical 
to FIGS. SArSAs but for a highly viscous fluid in accordance with the invention. 

[0040] FIG. 3C is a graphical representation of an increased rate of a 
stepper motor operating during the sanne period of time as the stepper motor of 
FIG. 3Ai. 

[0041] FIG. 4Ai is a graphical representation of a stepper motor during 
purging a low-viscous fluid from the optical slide assembly of the apparatus in 
accordance with the invention. 

[0042] FIG. 4A2 is a pressure versus time graph illustrating changes in 
the system pressure during the purging phase of FIG. 4Ai. 

[0043] FIG. 4A3 is a graphical representation of displacing a nominal 
volume of fluid sample displaceable from an optical slide assembly during the 
purging phase of FIG 4Ai. 

[0044] FIGS. 4Bi, 4B2and 4B3 are graphical representations similar to 
FIGS. 4Ar4A3 but for purging a highly viscous fluid. 

[0045] FIGS. 4Cr4C2 illustrate a work of stepper motor and pressure 
changes in a system during displacement of a nominal volume of tested fluid 
upon detecting a high pressure. 

[0046] FIGS. 4Dr4D3 are graphical representations similar to FIGS. 
4A1-4A3 and illustrating a purging phase, wherein a pump does not have capacity 
to displace a nominal volume during a single cycle. 
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[0047] FIG. 5 is an electro-hydraulic schematic view of fluid sample 
supply and rinsing system of the apparatus shown in FIG. 1. 

[0048] FIG. 6 is a block diagram illustrating a sequence of operational 
phases of the apparatus in accordance with the invention. 

[0049] FIG. 7 is a top sectional view of a washing station of the appara- 
tus shown in FIG. 1. 

[0050] FIG. 8 is a side sectional view of the washing station of FIG. 7 
taken along a vertical axis. 

[0051] FIG. 9 is a front sectional view of the washing station shown in 
FIG. 8 in accordance with the apparatus of the invention, as illustrated in FIG. 1. 

[0052] FIG. 10 is a top schematic view of an exterior-cleaning device of 
the apparatus in accordance with the invention shown in a rest position. 

[0053] FIG. 1 1 is a view of the exterior-cleaning device similar to the 
one shown in FIG. 10, but illustrated here in its working position. 

[0054] FIG. 12 is a side schematic view of the exterior-cleaning device 
shown in FIG. 10. 

[0055] FIG. 13 is a schematic view of an aspirator probe in accordance 
with the invention. 

[0056] FIG. 14 is a schematic cross-sectional view of a peristaltic pump 
taken along a motor axis. 
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[0057] FIG. 1 5 is a cross section view of the pump of FIG. 14 taken 
along an axis perpendicular to the motor axis. 

Detailed Description Of The Drawings 

[0058] With reference to Figures 1-6, an apparatus 20 is shown with 
which a variety of body fluid samples is drawn from a collection of test tubes 22 
by an aspirator probe 24 and pulled through an optical slide assembly 26 under 
an optical device, which is not shown here. The apparatus 20 has a casing 18 
enclosing a pump 28, which while operating in an aspiration mode draws a fluid 
sample through the probe 24 and a flexible tube 30 into the slide assembly 26 so 
as to enable a user to administer a test. 

[0059] Upon completion of the test, the apparatus is automatically 
switched to a purging mode, wherein the sample fluid may be purged out back to 
a test tube by displacing a volume of flushing fluid stored in a reservoir 34. Pref- 
erably, the pump 28 is a reversible peristaltic pump driven by a stepper motor 50, 
as will be explained hereinbelow. Note, however, that a type of pump can be se- 
lected from a wide range including, for example, rotating piston, Harvard syringe 
and/or continuously operated pumps. 

[0060] Alternatively, the purging mode can be accomplished by placing 
the aspirator probe 24 at a washing station 38, wherein a sample fluid is dis- 
placed from the probe into the waste basin 40 (Figure 2). This is accomplished 
by selectively supplying saline and bleach contained in containers 34, 36, re- 
spectively, which are preferably mounted on a tray 42 to the interior of the probe. 
Also, an exterior surface of the aspirator probe is rinsed, as will be explained in 
detail hereinbelow. 
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[0061] According to one aspect of the invention shown in Figure 2, the 
apparatus 20 has a central processing unit 46 programmed to carry out a plural- 
ity of microinstructions defining the individual operations and their durations in 
response to a fluid sample selection made by a user on a menu 44. Preferably, 
the CPU 46 is an off-the-shelve microprocessor controlling a direction of rotation 
and speeds of the pump 28 in response to signals generated by a variety of 
pressure and optical sensors 54, 56. Also, the microprocessor controls valve ar- 
rangements 52 upon querying a database 48, as will be explained in detail here- 
inbelow. 

[0062] Specifically, as mentioned above, the apparatus 20 is con- 
structed to provide a test of different body fluids having different viscosities. A 
fluid sample may be selected from the group consisting of a cerebral spinal fluid, 
pericardial, pleural, seminal, serum, urine sediment, blood, prostate or vaginal 
suspension and any other body fluid collected by a needle. 

[0063] Such a wide range of viscosities requires different time periods 
for displacing a sufficient volume of fluid sample to be examined from the test 
tube 22 into the optical slide assembly 26. As mentioned in U.S. Patent 
5.393.494, the slide assembly 26 presents the specimen to an optical gathering 
input device such as a microscope. 

[0064] The slide assembly of this invention may be configured with a 
counting grid. The counting grid facilitates quantitative measurements, such as 
cell counting. Counting lines can be fine metallic lines deposited by means of 
vapor deposition methods. The lines thus formed, however, mask specimens 
located behind the grids from view. Preferably, in accordance with the invention, 
a glass bottom of the slide assembly 26 is etched with acid which forms whitish 
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lines that do not obstruct the view of the specimen, thereby enabling better de- 
termination of specimen morphology. 

[0065] Turning to Figures 3A and 3B. graphs 57a and 57b illustrate 
curves of pressure as a function of time in conduits while different fluids are con- 
veyed through the aspirator probe to the slide assembly 26. Since the volume 
Vnom of a fluid sample sufficient to reach the slide assembly 26 is uniform for dif- 
ferent fluids, the time it takes for a sample to reach the slide assembly tends to 
vary as a function of fluid viscosity. This then requires that the duration of the 
pumping action by pump 28 be adjusted depending upon the fluid that is being 
transported. 

[0066] Accordingly numerous pump duration measuring tests have 
been conducted using a variety of glycerin concentrations in a watery solution to 
simulate and thus represent viscosities of different body fluids. Understandably, 
the more viscous the fluid sample is the longer time pump 28 requires to move 
the fluid's volume into the slide assembly at any given pumping rate, 

[0067] Thus, for example. Figures 3A and 3B respectively illustrate 
pumping intervals for aspiration of a watery solution corresponding to a urine 
sample and a solution containing 50% of glycerin that may correspond to a blood 
sample, respectively. To aspire a fluid sample from the tube 22. a negative pres- 
sure, as shown in FIG. 3A2, is generated downstream of the aspirator probe 24 
allowing the fluid sample to be withdrawn from the tube 22. Note the different 
pumping times that are needed to move a sample to slide assembly 26. After the 
pump is automatically shut down in a controlled timely manner, as will be ex- 
plained hereinafter, the system pressure monitored by the pressure sensor 54 
will gradually reach zero and, after the optical slide assembly 26 receives the 
nominal volume of aspired body fluid, a test can be conducted. 
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[0068] Comparison of these graphs shows that if the pump has a uni- 
form pumping rate and works during the same time period To. an aspiration pe- 
riod AT=T1 sufficient for displacement of a volume of the low-viscous fluid is not 
adequate for displacing the same volume of a higher viscosity fluid. Hence, a 
period AT -TS, as shown in Figure 3B2. during which the same volume of highly- 
viscous fluid can be aspired into the slide assembly is greater than AT for the low 
viscous fluid. Thus, the same number of rotations of the pump sufficient for 
transporting a low-viscous fluid is likely to be inadequate for transporting a more 
viscous fluid. To overcome it, based on experimental data, the number of rota- 
tions of the pump has to be varied in accordance with the viscosity of fluid sam- 
ple to be examined, as shown in dash lines in Figure 3Bi. 

[0069] This can be done by adding a few more steps to a stepper mo- 
tor 50 (Figure 2) driving the pump without, however, changing a step rate of the 
motor, as illustrated by dash lines in Figure 3Bi. As a result, the duration of 
pump operation during this aspiration phase will be increased. Alternatively, the 
step rate of the motor 50, as shown in Figure 3C, may be increased, which, in 
turn, leads to an increased number of rotations during the same period of time. 
Preferably, in order to keep the flow of fluid sample steady in the aspiration 
mode, a step rate of the stepper motor is varied while duration of this mode re- 
mains constant. 

[0070] The values for the stepper motor parameters, i.e. the step rate 
or speed of the pump driven by the motor, as well as the duration the pump is on, 
are stored in a database as a function of the various body fluids, and thus in ef- 
fect their respective viscosities. 

[0071] Thus, a table of pumping parameters is embedded in a data- 
base and used by the microprocessor programs. The database includes pump- 
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ing durations, and pumping speed for each different body fluid of interest. Pump- 
ing speed can be in terms of the desired step rate for a stepper motor used to 
drive the pump. If instead of a peristaltic pump another type of pump is utilized, 
then a set of different parameters, such as the displacement of a spindle in a 
Harvard type pump or the like will be stored. 



[0072] A similar process is used to determine and store the parameters 
for a purging mode during which the body fluid in the slide assembly and con- 
nected conduits is to be purged. 



Q 

III 

a 



[0073] Having finished examination of the fluid sample, software exe- 



'^D cuting on the microprocessor switches the apparatus into a purging mode to dis- 

Q place the fluid sample from the slide assembly back through conduits and the 

;^ aspirator probe as shown in Figures 4Ai-4A2 and 4Bi-4B2. Similarly to Figures 

in 3A and 3B, the examples shown in Figures 4A and 48 represent the watery solu- 

tion and the 50% glycerin concentrated solution, respectively. 



[0074] Purging is implemented by reversing the direction of rotation of 
the pump and driving a washing fluid from reservoir 32 through the slide assem- 
bly and displace the body fluid sample. The time required to displace the body 
fluid or its simulated version is noted and stored in the database. 



[0075] In accordance with the invention, a purging period for each 
tested body fluid is tabulated and stored similarly to aspiration periods. Control 
of this purging period is provided by the microprocessor 46 enabling the stepper 
motor to have a predetermined number of steps sufficient to operate the pump, 
so that it displaces the volume of fluid sample from the aspirator probe and the 
optical slide assembly. 
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[0076] As is seen in Figures 4A and 4B, during displacement of the 
sanne amount of fluid, a period Ati for the low-viscous fluid is substantially shorter 
than a period Atafor the highly viscous fluid. Similar to the aspiration mode of 
operation, the number of steps of the stepper motor can be adjusted by either 
modifying duration of the motor's work while maintaining a constant step rate for 
all fluids or by changing the step rate. The more viscous fluid is the longer the 
stepper motor and the pump should work to displace a sufficient volume of this 
fluid. Alternatively, a step rate of the stepper motor may be increased to move a 
more viscous while maintaining the duration of the pumping period. 

[0077] Also, as shown in Figures 4Ci and 4C2, a program executing on 
the microprocessor for stopping the pump if the pressure in the system exceeds 
a threshold pressure is provided. It is imperative that this pressure be kept in 
check to avoid high pressure damage to fluid-conveying components of the ap- 
paratus 20 including the slide assembly 26, valves 52 and flexible tubes and 
hoses 30. Thus, once the system pressure, as indicated by the pressure sensor 
54 (Figure 2), reaches the threshold value Pmax, the step motor 50 is stopped. 
After the pressure Pmax has subsided, a count of motor steps resumes so it can 
reach a stored value. Although this feature has been explained in reference to a 
purging phase, it is understood that an aspiration phase can be easily controlled 
in the same manner. 

[0078] A number of pump work series necessary for displacing the con- 
trolled volume of fluid depends on volume capabilities of any given pump. Typi- 
cally, an amount of travel of the pump's piston is limited, thereby necessitating to 
reload the pump with a new portion of flushing fluid so as to have the controlled 
volume of fluid sample fully displaced. For example, if a nominal volume of fluid 
to be displaced is equal to 900 micro liters, then in order to a use pump that is 
capable of displacing, for instance only 700 micro liters, it should be turned on 
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twice, as shown in Figure 4Di. As a result, one of the pumping series may be 
somewhat shorter than the other one. As is the case with the duration of pump 
work and pumping speeds, a program executing on the microprocessor 46 for 
each fluid provides automatic stoppage and reloading of the pump so the nomi- 
nal volume is fully displaced. 

[0079] Figure 5 illustrates an electro-hydraulic system 60 having a plu- 
rality of three-way controllable valves 62. 64. 66 and 68 selectively switched to 
form a variety of fluid passages during aspiration, purging and washing modes of 
the apparatus 20 according to a microprogram executing on the microprocessor. 
Each of the three-way valves has normally open, normally closed and common 
ports, which upon energizing the valve change their normal states. 

[0080] During aspiration of fluid sample into the optical slide 26 as- 
sembly through the aspiration probe 24, the pump's piston is displaceable in a 
direction of arrow "A" creating negative pressure downstream from the test tube 
22 to draw a fluid sample into the slide assembly 26. In order to implement this 
mode, the valve 64 is energized to enable its normally closed port to open. Upon 
a predetermined period of time sufficient for displacing the nominal volume of 
tested fluid, as explained above, the valve 64 is de-energized allowing a user to 
conduct examination of the fluid sample. 

[0081] To purge the fluid sample out of the slide assembly 26 back to 
the tube 22, the valve 64 is once again energized providing a passage for flush- 
ing fluid, which displaces the fluid sample following reversal of the pumping direc- 
tion of pump 28. 

[0082] According to another aspect of the invention, in order to ade- 
quately clean an interior of the slide assembly and the aspiration probe 24 so as 
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not to contaminate the subsequent examination of another fluid, a bleach/saline 
solution may be used. Such solution is particularly useful when a highly viscous 
fluid has been tested because it tends to stick to the interior walls of the fluid 
conveying components. This washing mode is automatic and is used when the 
contents of the fluid conveying line have to be discharged into the waste basin 
40. 

[0083] After automatically energizing valve 62, as will be explained 
hereinbelow. its normally closed port is open and the bleach reservoir 36 is in 
fluid communication with a passage 80 extending between the valves 62-64, 
thereby allowing bleach to enter this passage upon displacing the pump's piston 
in the direction "A". After a predetermined period of time controlled by the micro- 
processor 46, the valve 62 is switched again and a direction of the pump is re- 
versed. As a consequence, a saline/bleach solution enters both the optical slide 
assembly and the aspirator probe to displace the fluid sample therefrom and to 
clean the interior of these elements. 

[0084] The electro-hydraulic system 60 further has a plurality of con- 
trollable wash valves 70, 72, 74 and 76, preferably two-way valves, which are ar- 
ranged to rinse an exterior of the aspirator probe 24 which is placed at the bay 
station 38, as will be explained hereinbelow. To supply washing solution to the 
exterior of the probe, valves 66 and 68 are sequenced by the CPU software al- 
lowing a passage of the saline/bleach solution through these wash valves. 

[0085] Note that each of the above-described valves is given only as 
an example, and instead of being three- and two-way valves, other types of 
valves may be easily utilized. Also note that the above-shown arrangement of 
these valves is given for illustration only and may vary within the disclosed mode 
of operations. 
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[0086] A work of the apparatus 20 is better illustrated in Figure 6 sliow- 
ing a flow chart, which depicts the pre-programmed sequence of operations con- 
trolled by the microprocessor 46. Turning to Figure 1, the housing 18 has a 
screen 102 helping a user navigate through the menu 44 including a variety of 
fluid identifications each of which is to be treated according to a respective mi- 
croprogram executing on the microprocessor. After turning the apparatus 20 on 
at 82, as shown in Figure 6, the user by using a mouse 100 or a front panel but- 
ton 162 (FIG. 1) runs up or down along a list of fluids that can be tested by this 
apparatus 20 at 84 and selects a fluid. This selection loads the associated 
pumping data from the database to control subsequent aspiration and purging 
p modes. 

f 

O [0087] Having chosen the fluid, a working cycle starts with the aspira- 

Jy tion mode at 90. During the entire duration of the aspiration mode, the pressure 

in fluid conveying components is monitored at 92, and if it exceeds a predeter- 

'si 

II mined threshold value Pmax, displacement of a fluid sample is interrupted until the 

pressure falls back within acceptable limits, after which the aspiration mode is 
If continued. If an actual number of steps is less than a predetermined number of 

Q the motor steps as required by the pumping data loaded from the database, as 

''"^ shown at 96, then the pump continues to work until the actual number of steps 

reaches this threshold, at which point the sample of the fluid from the test tube 
has arrived within the slide assembly and a user can conduct an examination of 
the sample at 98. 

[0088] During the purging mode the microprocessor switches the appa- 
ratus in a selected purging mode, for example a manual purging mode at 88, 
wherein the rotation of pump is reversed to displace the fluid sample back into a 
test tube from the slide assembly 26 by pumping a saline/bleach solution. The 
pressure is monitored at 106, and similarly to the aspiration mode, the stepper 
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motor is stopped if a threshold value Pmax is reached or exceeded. If a number of 
actual steps at 1 12 has not yet reached a predetermined number, the pump 
keeps working until the predetermined number of steps is exceeded, indicating 
complete evacuation of the fluid sample from the slide assembly 26 and the 
aspiration probe 24. Thus, at this point, the working cycle is completed at 1 14, 
and the apparatus is ready for examination of another fluid sample. 

[0089] If the automatic purging mode is selected at 1 10, its sequence 
starts with detecting the aspirator probe at the washing station 38 at 1 16 which is 
accompanied by automatically setting a pre-programmed arrangement of control- 
lable valves, as has been explained before, to prepare a proper bleach/saline so- 
lution at 1 18. In addition, as has been mentioned before, the automatic purging 
mode includes a rinsing or washing phase 124, wherein the exterior surface of 
the aspirator probe 24 is cleaned by a saline/bleach solution at 126. This phase 
can be monitored by pre-programming a predetermined period of time or by 
counting a number of steps of the stepper motor at 128. Thus, if the number of 
step is still less than a predetermined number of steps, the rinsing step continues 
until the actual number of steps exceeds the predetermined number, at which 
point the pump stops. 

[0090] An additional feature of this invention is that if the aspirator 
probe has not been purged as indicated at 130, the apparatus cannot start a new 
aspiration phase. According to another possible feature, before starting the 
working cycle of the apparatus, the day, month and year of conducting a test are 
automatically stored in the database at 132. Further, it is possible to have the 
entire duration of the cycle monitored so as to enable a user to gather informa- 
tion about his productivity during a certain time period, such as an hour, day and 
the like. 
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[0091] It should be understood that a wide variety of different setups 
can be pre-programmed and the one that is shown and explained is given merely 
as an example. It is conceived within a scope of this invention that a user may 
change the previously stored parameters or even test previously untested fluids 
by manually introducing all necessary parameters in response to a series of 
questions appearing on the screen 102. Thus, durations of purging, aspiration 
and rinsing modes may be modified depending on fluid conducting components, 
optical equipment, and etc. Once new data is introduced, it will be stored allow- 
ing the user to automatically test the fluid whenever it will be necessary in the fu- 
ture using the apparatus of this invention. 

[0092] Figures 7-12 illustrate another aspect of the invention, according 
to which the apparatus 20 is provided with a mechanism for cleaning an exterior 
surface of the aspirator probe 24, as has been mentioned before. Particularly, 
Figures 7-9 show the washing station 38 having a housing 138 with purge 134 
and rinse 136 bays, each extending into the housing and sequentially receiving 
the aspiration probe 24. Both bays 134 and 136 are in fluid flow communication 
with the waste basin 40 so that a purged fluid sample along with washing and 
rinsing liquids are collected in the basin after the examination of a fluid sample 
has been completed. A plurality of the external wash nozzles 140 (Figure 8) 
which are in flow communication with two-way valves 70-76 (Figure 5) peripher- 
ally surround the inserted aspiration probe whose presence is detected by an op- 
tical sensor 142 generating a signal turning on the microprocessor 46 in the auto- 
matic purging mode. A number of wash nozzles varies and is selected so as to 
provide uniform distribution of the rinsing liquid along and around an exterior of 
the aspiration probe. 

[0093] In accordance with another aspect of the invention, each of the 
bays 134. 136 has a pair of wiping pads 144 (Figure 10) which are strategically 
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located to wipe the aspiration probe after its periphery has been sprinkled from 
the wash nozzles 140, as shown in Figure 9. The pads 144 are removably at- 
tached to swingable arms 146 actuated upon energizing a solenoid 148 to move 
between a rest and wiping position as shown in Figures 10 and 11, respectively. 

[0094] When the aspirator probe is first inserted into the purge bay 
134, the optical sensor 142 detects it and starts purging the optical slide assem- 
bly 26 through the aspirator probe into the catch basin. Also saline and bleach 
are dispensed on the outside of the probe thus washing it. After completion of 
the purging mode, the swingable arms are pressed against the probe, which is 
squeezed by the wiping pads 144. A user is then prompted to pull the probe 24, 
which is wiped clean from the purge bay. 

[0095] The user then introduces the aspirator probe into the rinse bay 
136. Similarly to the procedure explained with respect to the purge bay, the aspi- 
rator probe is optically detected and then rinsed before pulling out of the rinse 
bay by the user. However, a location of wiping pads in the rinse bay is different 
from a position of the pads in the purge bay 134 to allow the entire exterior of the 
probe to be thoroughly cleaned. After removing the probe from the washing sta- 
tion 38, the wiping pads are rinsed with saline and bleach delivered by nozzles 
152 (Figure 9) from the reservoirs 34, 36. Upon completion of washing and rins- 
ing operations, all fluids collected in a catch basin 150 are further delivered to a 
waste container 32 as a result of actuation of a waste pump as shown in Figure 
12. Although the purging, washing/rinsing and evacuating operations in the auto- 
matic purging mode have been described as sequential, installation of more than 
one pump can provide simultaneous rinsing, draining and purging. 

[0096] During the automatic purging mode the user is prevented from 
contact with fluids by a spring loaded cover 137 mounted on the front door of the 
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washing station and schematically shown in Figure 8. Further, as shown in Fig- 
ure 7, a sliding shutter mechanism 135 can be installed to automatically cover 
the top of either of the bays which is not in use, so as to prevent fluids from exit- 
ing through the open top during purging and washing. 

[0097] In accordance with still another aspect of the invention, the aspi- 
rator probe 24 shown in Figure 13 includes a needle 154 adjustably mounted to a 
handle 156. In order to fit the aspirator probe to differently sized test tubes 22. 
the probe is provided with a nut 158 allowing the needle 154 and the handle to 
move relative one another. Once a desirable length is reached, the nut is tight- 
ened up so as to prevent further displacement of the needle. Alternatively, a 
compression fitting 160 schematically shown in Figure 13 can be used instead of 
the nut. 

[0098] In accordance with still another aspect of the invention shown in 
Figure 14, if a peristaltic pump 170 is used, the tubing is directly occluded by a 
plurality of rollers 186,188 and 190 without using a cartridge, which is typical for 
this type of pump. Particularly, opposite ends 174 and 176 of tubing 172 are at- 
tached to stationary top and bottom holders 178 and 180, respectively. Shown 
only as an example, the pump has three rollers rotatably mounted on a disc 184 
which, in turn, is actuated by a motor M. Assuming that the disc 184 is rotated in 
the counterclockwise direction, as shown in Figure 15. the tubing wrapped about 
the roller 186 will be traversed by fluid entering the open top end 174 and exiting 
at the opposite bottom end 176. By virtue of a structure in which the roller 186 
occludes the tubing which further is hung over the roller 190, a trapped volume of 
fluid between adjacent pinch areas is created. As the disc 184 rotates, this 
trapped volume of fluid is transferred between the roller occluded pinch areas 
because they are traveling with respect to the stationary tubing. As a result, fluid 
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enters one end of the tubing and exits the other. The volume of fluid transported 
depends on the Internal diameter of the tubing and the speed of the motor. 

[0099] Having thus described illustrative forms of the invention, its ad- 
vantages can be appreciated. Variations from the described embodiment can be 
made without departing from the scope of the invention. 
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